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RELATIONSHIP OF SPACE USE TO POPULATION 

DENSITY IN AN HERBIVOROUS LIZARD 


Center for Reproduction of Endangered Species, Zoological Society of San Diego, 
P.O. Box 551, San Diego, C A  92112, USA 

ABSTRACT:Home ranges of desert iguanas, Dipsosaurus dorsalis, were compared during the 
breeding season at three localities that differed in adult population density. The abundance, richness, 
and diversity of plant resources varied across sites. Although home range size was not correlated 
with population density, increasing density was associated with greater home range overlap and a 
tendency for activity to be restricted to the home range interior. For both males and females, the 
level of home range advertisement, measured as the frequency of push-up displays, increased with 
increasing population density. The lack of a reciprocal relationship between population density 
and home range size may be a consequence of the non-uniform distribution of plants at the three 
sites. When increases in home range size do not produce linear increases in resources, as is the case 
for many herbivorous species, patterns of space use may be less related to population density per 
se than to the distribution of conspecifics and plant resources at a particular site. 

Key words: Desert iguana; Dipsosaurus; Home range; Spatial dispersion; Population densit? 

evidence on animal spac- 
ing suggests that the distribution of re- 1984; Lack, 1966). Optimality models have 
sources, whether they are food, shelter, or stressed that spatial distributions should re- 
potential mates, ultimately affects disper- flect a balance between the benefits and 
sion, while the proximate mechanisms costs of occupying a given area (Brown, 
maintaining the arrangement of animals 1964; Carpenter and MacMillen, 1976; Gill 
in space are behavioral (Brown and Orians, and Wolf, 1975; Pyke, 1979). Potential 

COLLECTIVE 1970; Crook, 1964; Davies and Lundberg, 
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benefits include obtaining resources, se- 
curing mates, and enhancing offspring sur- 
vival, but they may be countered by in- 
creased energy expenditure, exposure to 
~redators,and probability of injury during 
agonistic interactions (Rand, 1967).Game 
theoretic models have emphasized that the 
optimal amount of defended space should 
vary according to the level of defense 
shown by other members of the population 
(Maynard Smith, 1982;Parker, 1978).Both 
optimality and game theoretic models pre- 
dict that patterns of space use will be de- 
termined by the relative value of resources 
to competitors and the relative costs ac- 
crued in defense of those resources. 

Higher population density is expected 
to result in increased home range overlap 
in species that do not exhibit home range 
defense. MJhen home ranges are defended, 
higher population density is more likely to 
produce a compression of home range size, 
in which each animal maintains exclusive 
access to resources, but controls a smaller 
area (Bradbury and Vehrencamp, 1976). 
In this case, intraspecific competition at 
high population density will limit the 
amount of space an animal can energeti- 
cally afford to control, and an inverse re- 
lationship between population density and 
home range size is expected. 

In general, male iguanid lizards exhibit 
some degree of home range defense. al- 
though both home range size and the in- 
tensity of aggressive behavior can vary 
widely among species (Stamps, 1977a, 
1983).The prediction that home range size 
will be inversely related to population den- 
sity has been made (Rand, 1967) and ver- 
ified (Schoener and Schoener, 1980; 
Stamps, 1983)for some insectivorous igua- 
nids but has not been systematically ex- 
amined in herbivorous species. Although 
the availability of insect prey is relatively 
homogeneous in many environments, spa- 
tial and temporal variance in plant pro- 
ductivity can be high, especially in xeric 
habitats (Stamps, 1983).This non-uniform 
distribution of plant resources may lead to 
patterns of space use that are not predict- 
able on the basis of population density 
alone. To assess the relationship between 
population density, resource distribution, 

and home range use in an herbivorous 
iguanid, I studied spatial dispersion and 
the behavioral mechanisms contributing to 
spacing in three populations of desert igua- 
nas, Dipsosaurus dorsalis, that differed in 
adult density. 

DO ATE RIALS AND METHODS 
Study Sites 

Desert iguanas were studied at three lo- 
calities in the Coachella Valley, Riverside 
County, CA, during three breeding seasons 
(March-June) in 1986,1987,and 1988 (Al-
b e r t ~ ,1989). The sites were each l ha in 
area and differed in densities of adult des- 
ert iguanas (Table 1) . The sites were iso- 
lated from each other by a freeway and 
urban development in the cities of Palm 
Springs and Thousand Palms, and the mean 
distance between sites was 8.0 km. Only 
one site was visited per day, and the three 
sites were visited sequentially, such that 
each site was visited every third day 
throughout most of each breeding season. 

At all sites, I surveyed bushes greater 
than 0.5 m in aerial diameter. A total of 
2482 individual plants belonging to 31 spe-
cies were identified at the three sites. I used 
Simpson's index, a measure of the proba- 
bility that any two individuals drawn at 
random belong to the same species, to cal- 
culate plant species diversity for each site 
(Simpson, 1949).The inverse of this index 
is positively correlated with species diver- 
sity. I chose this index because of the large 
numbers of relatively rare species found 
at the three sites. a factor that may lead 
to over estimates of diversity for some oth- 
er commonly used indices (Peet, 1974). 

Under the assumption that plants were 
roughly circular in cross section, I calcu- 
lated percent cover for each species as the 
area covered by all bushes of that species 
>0.5 m in diameter. Bushes <0.3 m in 
aerial diameter are probably not used ex- 
tensively by desert iguanas for shelter, al- 
though they may occasionally be used for 
food. Additionally, all plants >I m tall 
were mapped using an optical range find- 
er. Although this restriction limited the 
number of individual plants that were 
mapped to 327, it was difficult to obtain 
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TABLE1.-Vegetation patterns at study sites with high, intermediate (Int), and low densities of desert iguanas. 

Diversity and patchiness indices are defined in the text. 

High 

Dipsosaurus density (adultslha) 
1986 
1987 
1988 

Total number of plants 
Mean plant diameter (m) 
Total % cover 
Plant species richness 
Plant diversity (l/Simpson D) 
Lloyd's index of patchiness 

accurate coordinates for plants <1 m tall. 
Despite its limitations, this methodology 
permitted a coarse comparison of the dis- 
persion of large bushes at the three sites. 
From these data, I quantified the spatial 
distribution of large bushes using Lloyd's 
index of patchiness (= 1for a random dis- 
tribution, >1 for a clumped distribution, 
<1for a uniform distribution) with a grid 
size of 20 m' (Lloyd, 1967). 

S t u d y  Populations 
Over the three breeding seasons, I noosed 

96 adult desert iguanas and marked them 
with three small colored beads in unique 
color combinations sutured through the tail 
with surgical steel monofilament (Fisher 
and Muth, 1989), a technique that does 
not appear to interfere with natural be- 
havior or adversely affect survivorship. Re- 
cause each site was visited repeatedly over 
a long period of time, the measures in Ta- 
ble 1 reflect absolute rather than relative 
adult densities. Although unmarked ju-
veniles were occasionally observed in the 
study sites after the initial capture and 
marking periods, unmarked adults were 
not. 

Desert iguanas were sexed, weighed, and 
measured at the time of capture. Because 
most females were captured near the be- 
ginning of the breeding season in March 
and early April, their body masses prob- 
ably do not reflect additional mass due to 
eggs, which do not develop until May or 
early June (Mayhew, 1971; Muth, 1980). 
I noted whether or not each desert iguana's 

Int Low 

tail showed evidence of breakage and sub- 
sequent regeneration. 

H o m e  Range Measurements  
Throughout the 1988 breeding season, 

I recorded positions of all marked desert 
iguanas to the nearest 1m,  relative to plants 
with known coordinates, by walking daily 
transects spanning the width of each site 
at 10-m intervals until the entire hectare 
and a 20-m margin on each side had been 
covered. All surveys were conducted be- 
tween 0900 and 1400 h, the typical activity 
period of these lizards (Norris, 1953). I 
used both the convex polygon method 
(Rose, 1982) and a probabilistic technique 
yielding an estimate of the area encom- 
passing 95% of the animal's total space 
utilization, termed the MAP (minimum 
area versus probability) estimate (Ander- 
son, 1982), to calculate home range size. 
The latter method is nonparametric and 
therefore makes no assumptions about the 
underlying distribution of data points, and 
is relatively free from sample size bias. 

I calculated polygon home range and 
MAP (0.95) estimates for the 51 desert 
iguanas for which enough sightings were 
obtained to estimate home range size re- 
liably. Following Rose (1982), an analysis 
of home range size using chronologically 
increasing numbers of sightings was con- 
ducted for each of the 51 desert iguanas. 
Home range size initially increased with 
number of sightings but eventually re-
vealed an asymptote at approximately 85% 
of the final estimated home range size when 
12 or more sightings were used (Fig. 1). 
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Number of sightings 

FIG. 1.-The relationship between number of 
sightings and mean percent of total convex polygon 
home range size for 51desert iguanas. Standard errors 
are shown. 

The mean number of sightings per lizard 
was 14.13 +- 1.42 at high density, 16.83 + 
2.85 at intermediate density, and 9.25 -t 
1.52 at low density. Home range sizes 
should therefore be considered minimum 
estimates for desert iguanas at the low den- 
sity site. For each polygon home range 
estimated, I determined the number of 
plants >1m tall occurring within the home 
range boundaries and calculated the den- 
sity of plants >I  m tall within each home 
range. 

Home range overlap was estimated in 
two ~ a > ~ s .  To compare the overall degree 
of overlap at the three study sites, I cal- 
culated the total percent overlaps of (1) 
male home ranges with other male home 
ranges, (2) female home ranges with other 
female home ranges, and (3) male and fe- 
male home ranges. Additionally, for those 
desert iguanas for which home ranges were 
estimated, I determined the number of 
male and female neighbors. For this anal- 
ysis, desert iguanas with polygon home 
ranges that overlapped to any degree were 
defined as neighbors. 

In order to estimate the intensity of home 
range advertisement at the three sites, I 
observed 20 males and 20 females (ran- 
domly chosen focal animals: six or seven 
individuals per site) for 30 min from a 
distance of 15 m with a 32-power field 
spotting scope. The numbers of push-up, 
or assertion, displays were recorded. Push- 
up displays, which are common in ag- 
gressive contexts (Carpenter, 1967), prob- 

ably function in spatial advertisement and 
home range defense (Carpenter, 1961). I 
conducted all behavioral observations be- 
tween 1100 and 1300 h, when desert igua- 
nas were generally most active, during the 
1988 breeding season. 

Statistics 
Two-way analysis of variance was em- 

ployed to examine differences between the 
sexes and among the three study sites in 
home range size, number of bushes per 
home range, number of male and female 
neighbors, and the frequency of push-up 
displays. Hartley's test (Hartley, 1950; So- 
kal and Rohlf, 1981) revealed no signifi- 
cant heterogeneity of variances for these 
variables. However, for the MAP (0.95) 
home range data, it was necessary to per- 
form a natural log transformation in order 
to meet assumptions of normality. In no 
case was a significant interaction between 
the sex and site variables found. Paired 
t-tests were used to compare polygon and 
MAP (0.95) home range estimates at the 
three sites. I used multiple regression to 
assess the independent effects of snout-
vent length (SVL) and neighbor number 
on display frequency while controlling for 
correlations between them. A chi-square 
test was enlployed to compare the fre- 
quency of tail regeneration across study 
sites. 

Plant resource distribution and lizard 
population density differed at the three 
study sites (Tables 1,2). U7ithin each site, 
the density of adult desert iguanas was 
constant within each season and showed 
moderate turnover from season to season. 
The mean recapture rate between years 
was 57.1% at low density, 60.0% at inter- 
mediate density, and 60.6% at high den- 
sity. Adult sex ratio did not differ signifi- 
cantly from 1:1 at any site in any year. 
The frequency of regenerated tails dif- 
fered at the three study sites (x2= 7.06, 
df = 2, P = 0.03), with the proportion of 
regenerated tails higher than expected at 
high density (22.5%), similar to expected 
at intermediate density (13.21%), and low- 
er than expected at low density (3.03%). 
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TABLE2.-Density per hectare of plant species at study sites with high, intermediate (Int), and low densities 
of desert iguanas. Percent cover for each species except those with <0.0001%cover is indicated in parentheses. 
Species with leaves or flowers identified as Dipsosaurus dorsalis food items by Mautz and Nagy (1987) are 

indicated by *. Plants that desert iguanas consumed during the present study are indicated by t .  

Species High Int Low 

Ambrosia dumosa * t  751 (2.85) - 495 (1.53) 
Psorothamnus schot tii*? 156 (1.90) -
P, arborescens - 328 (1.33) -
P. emoryi*? 9 (0.06) 80 (0.40) 2 (0.004) 
Tiquilia palmeri* 57 (0.04) - 114 (0.08) 
T .  plicata - 2 (0.003) 5 (0.003) 
Larrea tridentata*t 38 (1.92) 9 (0.82) 164 (5.47) 
Hymenoclea salsola 20 (0.19) - 1 (0.004) 
Encelia farinosa 16 (0.05) - -
Atriplex canescens 6 (0.06) - -
Croton californicus* 5 (0.004) 134 (0.08) 1 (0.002) 
Petalonyx thurberi 1 (0.01) 57 (0.18) -
Astragalus lentiginosus 4 (0.0003) -
Kran~eria paruifolia - - 21 (0.06) 
Ephedra californica - - 5 (0.005) 
Opuntia acanthocarpa - - 1 (0.003) 
Brassica tournefortiit <0.0001% <0.0001% <O.oOol% 
Canzissonia claviformist <O.oOol% <O.oOol% -
Cryptantha angustifoliat <o.OOOl% <O.oOol% <O.oOol% 
Abronia oillosat <0.0001% - -
Erodium texanumt - <O.oOol% 
Eriogonum injlatuni <0.0001% - -
E. dejlexum <O.oOOl% - -
Ceraea canescens* <O.oOOl% - -
Cilia latiflora <0.0001% - -
hfentzelia inaolucrata <O.OOOl% - -
Palafoxia linearis* <0.0001% - -
Perit yle emoryi <0.0001% - -
Phacelia crenulatat <0.0001% - -
Lotus sp. <O.oOOl% - <O.oOol% 
Lupinus sp. <0.0001% - -

Plants had a slightly clumped distribu- common at this site. Although this site had 
tion at the site with the highest density of the fewest and smallest plants, the least 
desert iguanas. This site was dominated plant cover, and the lowest plant species 
mostly by bur sage (Ambrosia dumosa) richness, it had the highest plant species 
and to a lesser degree by indigo bush (Pso- diversity. 
rotharrznus schottii). A variety of annuals Plants at the site with lowest desert igua- 
also occurred at this site. Although this site na density had a clumped distribution. This 
supported the most individual plants and site was dominated by two species, bur 
had the highest s~ecies  richness. it had the sage and creosote (Larrea tridentata). ,41--
lowest species dicersity, primarily because though intermediate in species richness, 
the four most abundant species at this site diversity, and number of individual plants, 
accounted for 95%of all plants identified. this site exhibited the greatest percent cov- 

Plants at the site supporting an inter- er, because many of the individual creo- 
mediate densitv of desert iguanas were sote bushes were very large. Although cre- 
more uniformlidistributed thin at the high osote was present at all of the sites, it was 
and low density sites. The dominant plant most prevalent at this site. 
species was mojave dalea (Psorothamnus Based on MAP (0.95) utilization esti- 
arhorescens), a species completely absent mates, home range size differed signifi- 
from the other two sites. Dyeweed (Pso- cantly at the three sites (F = 4.67, df = 
rothamnus emoryi) was also relatively 2,45, P = 0.01).Home ranges of both sexes 
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at high population density, although it was 
lowest between females. At intermediate 
population density, moderate overlap be- 
tween males, no overlap between females, 
and slight overlap between the sexes ex- 
isted. Moderate overlap between the sexes, 
no overlap between males, and slight over- 
lap between females was found at low pop- 
ulation density (Table 3) .  The number of 
male neighbors per individual differed 
among the three sites (F= 11.17,df = 2,45, 
P = 0.0001), increasing at higher popu- 
lation density. Across sites, the number of 
male neighbors per individual was similar 
for males and females (F= 0.48, df = 1,45, 
P = 0.83).The pattern was slightly differ- 
ent for number of female neighbors. Al- 
though the number of female neighbors 
also increased with increasing population 
density (F = 5.02, df = 2,45, P = 0.01), 
males at all sites had more female neigh- 
bors than did females (F= 5.87,df = 1,45, 
P = 0.02). 

At all sites, males performed more push- 
up displays than females ( F  = 5.89, df = 
1,34, P = 0.02).There was a tendency for 
display frequency to increase with increas- 
ing population density in both sexes (F = 

2.85, df = 2,34, P = 0.07), and at low 
population density, no adult desert iguana 
of either sex was observed to display (Table 
3) .For 35 individuals, data on both display 
frequency and home range size were avail- 
able. Snout-vent length and number of 
male neighbors together explained a small 
but marginally significant proportion of 
variance in the display rates of males (R2 
= 0.17, df = 17, P = 0.10);SVL ( t  = 2.22, 
P = 0.04),but not number of male neigh- 
bors ( t  = 0.24, P = 0.81), emerged as a 
significant predictor of male display rate. 
The pattern differed for females, in which 
display frequency was somewhat better 
explained by SVL and number of female 
neighbors (R2 = 0.30, df = 16, P = 0.03), 
and number of neighbors ( t  = 1.90, P = 
0.08) was a stronger predictor of female 
display rate than SVL ( t  = 1.43,P = 0.17). 

DISCUSSION 
Plants are essential to desert iguanas both 

as a primary food source (Mautz and Nagy, 
1987;Minnich and Shoemaker, 1970) and 

because they provide space for the con- 
struction of burrows among their roots 
(Norris, 1953). In this study, sites support- 
ing different densities of desert iguanas 
were characterized by variation in the 
identity, diversity, richness, and spatial 
distribution of plant resources. Whereas 
mean plant size was similar across sites, 
both plant species richness and the abun- 
dance of individual plants differed consid- 
erably. Variation in plant species diversity 
and in the degree of spatial uniformity of 
plants was also evident, though less dra- 
matic. Although temporal fluctuation in 
plant availability was not examined in the 
present study, Krekorian (1976) showed 
that periodic storms can have a strong in- 
fluence on leaf availability and hence 
movement patterns of desert iguanas. 

Variation in the temporal and spatial 
distribution of plant resources, especially 
preferred food items such as fruits and 
flowers, has been described for several of 
the herbivorous iguanids (Berry. 1974; 
Iverson, 1979; Krekorian, 1984; Nagy , 
1973; Werner, 1982) and may contribute 
to variability in social organization both 
within and between species (Dugan and 
Wiewandt, 1982;Ryan, 1982).That desert 
iguanas vigorously defend home ranges 
during the breeding season at some local- 
ities (Norris, 1953), yet exhibit extensive 
home range overlap and a relative lack of 
aggression at others (Krekorian, 1983), 
likely results at least in part from differ- 
ences in the distribution and abundance 
of plant resources available to individual 
desert iguanas. In contrast, the insect prey 
of many of the smaller iguanids are more 
uniformly distributed and show less tem- 
poral fluctuation within, although not nec- 
essarily between, seasons (Ballinger, 1977; 
Dunham, 1978; Stamps et al., 1981). This 
relatively homogeneous resource base may 
explain the widespread existence of ag-
gressive home range defense among in- 
sectivorous iguanids (Stamps, 1977a). 

In the present study, home ranges of 
desert iguanas at low population density, 
especially those of females, tended to be 
smaller than at higher density. This result 
differs from certain insectivorous iguanids, 
in which home range size varies inversely 
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with population density (Schoener and 
Schoener, 1980) and food abundance 
(Simon, 1975). In my study, plant re-
sources at the site with the low density of 
desert iguanas were moderately abundant 
and clumped. Although this site was in- 
termediate in plant abundance, desert 
iguana home ranges contained more large 
bushes than at the higher population den- 
sity sites. This indicates that despite their 
relatively small area, home ranges at this 
site were positioned such that they over- 
lapped available plant resources. Although 
the home range of each male overlapped 
those of 2-3 females, the non-uniform dis- 
tribution of plants at this site resulted in 
relatively small, widely distributed, and 
non-overlapping male home ranges. 

Higher population densities in insectiv- 
orous iguanids often result in a reduction 
in home range size, presumably because 
of the rising costs of defense (Rand, 1967; 
Schoener and Schoener, 1980). For desert 
iguanas, home range size showed an in- 
crease rather than a decrease at the higher 
population density sites. At the site with 
the intermediate density of desert iguanas, 
this increase was probably directly related 
to the relatively low abundance and fairly 
uniform distribution of plant resources. 
Despite larger home range size, the num- 
ber of large bushes per home range was 
substantially lower than at the site with 
the low density of desert iguanas. Rela- 
tively low home range overlap both within 
and between the sexes at this site may re- 
flect the need for desert iguanas to main- 
tain exclusive access to a minimum amount 
of plant material. Home range size at the 
site with the high density of desert iguanas, 
where plant productivity was highest in 
both species richness and bush abundance, 
was also larger than at the low density site. 
The somewhat clumped distribution of 
plants, combined with the high density of 
desert iguanas, apparently has not resulted 
in a compression of home range size, but 
in extensive home range overlap. While 
not readily predictable on the basis of pop- 
ulation density alone, home range use by 
desert iguanas does appear to be influ- 
enced by both the distribution and abun- 
dance of plant resources. 

In addition to patterns of home range 
size and overlap, the level of home range 
advertisement varied across sites. No push- 
up displays were observed among desert 
iguanas of either sex at the site where pop- 
ulation density was low. Although the ex- 
istence of non-contiguous male home 
ranges may preclude the need for high 
levels of home range advertisement, it is 
difficult to determine whether the tenden- 
cy for desert iguanas to behave aggres- 
sively is lower at low population density, 
or if the opportunities for lizards to inter- 
act simply occur less often. In another 
iguanid, Sceloporus merriami, few con-
tacts between individuals occurred at low 
population densities, but intense display 
was observed on the rare occasions when 
males did meet (Milstead, 1970). 

As the density of desert iguanas in-
creased, the frequency of push-up displays 
increased. The proportion of regenerated 
tails was also greater at higher population 
density. Tail loss in lizards can result from 
failed predation attempts but may addi- 
tionally reflect the intensity of social ag- 
gression (Fox et al., 1981; Parker and Pian- 
ka, 1973; Vitt et al., 1974). In desert 
iguanas, conspecific fighting can lead to 
broken tails (Carpenter, 1967; Norris, 
1953). Similar yearly recapture rates at the 
three study sites suggest that the higher 
proportion of regenerated tails at the high 
population density site may result from 
differences in aggressive behavior rather 
than predation regime. In another igua- 
nine, Cyclura stejnegeri, aggressive inter- 
actions also occurred more often at higher 
population density (Dugan and Wie-
wandt, 1982). For desert iguanas at high 
density, higher levels of aggression com- 
bined with extensive home range overlap 
may confine activity to the interior of the 
home range. The areas in which individ- 
uals spent 95% of their time were smaller 
than the polygon home range estimates at 
this site, indicating that most activity oc- 
curred well within the home range bound- 
aries. Apparently, home range defense is 
not abandoned at high population density 
but may be restricted to a core area of the 
home range where overlap with conspe- 
cifics is lower. Results from all three sites 
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indicate that the degree and nature of ag- 
gressive behavior can be highly variable 
across desert iguana populations when 
variation in the underlying resource base 
exists. 

Regardless of population density, con- 
sistent differences between male and fe- 
male desert iguanas in several features of 
home range use and advertisement were 
found. Males occupied larger home ranges 
than did females. Although there are ex- 
ceptions (Boag, 1973; Dugan, 1982), this 
pattern has been documented for many 
other species of both insectivorous and her- 
bivorous lizards (Ferner, 1974;Nagy, 1973; 
Rose, 1982). Additionally, body size had 
an important influence on the level of home 
range advertisement in male desert igua- 
nas. Home ranges in male lizards are often 
larger than would be expected based solely 
on energetic considerations (Rose, 1982), 
and it has been proposed that the primary 
purpose of home range defense in males 
is to increase access to potential mates rath- 
er than to maintain exclusive access to lim- 
ited food resources (Ryan, 1982; Schoener 
and Schoener, 1980; Stamps, 1977b). 

In my study, female desert iguanas had 
fewer female neighbors than males, but 
the number of female neighbors influ-
enced female display rate. For desert igua- 
nas, female home ranges must contain some 
minimum amount of plant material for 
successful reproduction to occur, both be- 
cause females need adequate food to with- 
stand the energetic demands of egg laying, 
and also because hatchlings, which remain 
close to their hatching site (Krekorian, 
1984), may require high quality food to 
survive. At high population density, where 
the available food supply is shared by many 
individuals, female desert iguanas may in- 
crease their level of home range adver- 
tisement in order to meet these energy re- 
quirements. While they do not constitute 
an adequate test of the hypothesis that fe- 
male spacing patterns are affected pri- 
marily by food supply and male spacing 
patterns by access to potential mates, re- 
sults for desert iguanas are consistent with 
this theory. 

In two comprehensive reviews, Stamps 
(1977a, 1983) proposed that the more 

patchy distribution of plant resources rel- 
ative to insects contributes to substantial 
behavioral flexibility in patterns of space 
utilization among herbivorous iguanids. 
Results of my study indicate that vari- 
ability in home range size and advertise- 
ment in desert iguanas may not be readily 
predictable without specific knowledge re- 
garding the abundance and distribution of 
plant resources at a given site. In order to 
assess further the relationships between 
space use, population density, and resource 
distribution in iguanid lizards, it may prove 
especially useful to concentrate on species 
such as Ctenosaura sirnilis, which exhibit 
an ontogenetic shift in diet from insects to 
plants (Montanucci, 1968),or to compare 
closely related species such as Brachylo-
phus fasciatus, which has a mixed diet of 
insects and plants, and R. vitiensis, which 
is entirely herbivorous (Gibbons and Wat- 
kins, 1982). 
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KESTING OF PSEUDEMYDURA UMBRINA 
(TESTUDINES: CHELIDAE): THE OTHER WAY ROUND 

Department of Zoology, The University of Western Australia, 

Perth, W A  6009,Australia 


'~BSTRACT:Pseudemydura umbrina nests in full daylight and typically during rain-bearing, 
low pressure weather fronts. The nesting action pattern of P, umbrina is unique because the nest 
cavity is constructed with the forelegs, with the female being head-down in the hole; during this 
stage, the hindlegs are only used to push soil material, which accumulates beside the female, behind 
and out of the hole. Nest digging in P. umbrina may have evolved from the typical turtle nesting 
pattern by an alteration and expansion of the stage of nest site preparation, which now incorporates 
the actual digging of the nest chamber, and a drastic reduction, or omission, of the typical stage 
of digging the egg cavity with the hindlegs. The other stages of nesting in P. umbrina follow the 
well-defined sequence of steps of chelonian nesting. 

Key words: Nesting; Digging; Nest cavity; Egg laying; Stereotyped behavior; Australia; Tes- 
tudines; Chelidae; Pseudemydura umbrina 

TURTLEnesting usually follows a well of aquatic turtles, nesting generally occurs 
defined sequence of steps that have been on dry land and involves the movement 
behaviorally characterised and interspe- from the aquatic to the terrestrial habitat. 
cifically compared. Commonly distin- Turtles occupy diverse climatic zones 
guished phases are nest site selection, prep- and habitats, and it is not surprising that 
aration of the nest site, digging the nest the criteria for nest site selection are broad 
hole (egg cavity), oviposition, and filling and the associated behaviors flexible. With 
in and covering the nest (Ehrenfeld, 1979; the next steps, the interspecific variability 
Hailmann and Elowson, 1992). In the case becomes progressively reduced. Typically, 
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